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Forging Process Design of Articulated Piston for
Diesel Engine

S.H. Yeom, B.S. Lee, K.S. Shu, B.R. Rho and S.I. Hong

Abstract

The articulated piston that was used to more powerful diesel engine was composed by Al casted
skirt part and steel forged crown part. this paper has the target to design the forging process of crown
part. The parameters of piston design and forging process design were gotten based on work experience,
experimental data, approximately calculated data and finite element analysis. Preform design parameter
decided using the Taguchi method. Through this research, could design optimal shape of preform and
produce prototype of the articulated piston
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Process of Piston Forgjng

The Experience
Data File of Piston Determine the Ditnension
Company of Articulated Piston

Operating Condition File

Design the Process .
%'(".“n“ of Forging by FEM Simulation
Pin
Gallery L
Shape . Max. Pressure,
. ;::gmg MI:;: Temperature,
FEM Analysis : Prrf“‘om Inertial Force,
Broker/ Finisher Die | | Stress Distribution, Cooling Effect No. ofBIo:v Lateral Force,
Parting Line, Materia
l Rib'Web, Froperties
Draft Angle,
Fillet/Corner,
of Prototype Flash
Engine Test
Fig. 1 Flowchart of forging process for articulated

piston

(a) Forging

(b) Cutting

(c) Assemble
Fig. 2 Manufacturing Process of articulated piston
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Table 1 Characteristic values of anvil type hammer

Hammer type (E [kN-m]) nB | Vs["]

Belt 40 103-061 4-5

Free Board 16 |0.3-0.6| 4-5
Drop Chain 10010.3-06] 4-5
Piston 63 10.3-06] 4-5

Pneumatic 50 10.8-09| 5-8

Power{ Open-die,single frame| 40 | 0.8-09| 5-8
Drop |Open-die,double frame|250]0.8-0.9| 5-8
Die Forging 100{0.3-06| 5-8
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Fig. 3 Draft angle, corner radius and flash geometry of
finisher die
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Table 2 Conditions for DEFORM analysis

Control Parameters

Blow efficiency 0.8
Hammer mass (kg) 750(1/4 model)

Billet Temp. (C) 1200
Hammer Energy (MN-mm)

Billet Dia.| First Second Third Fourth
(mm) blow blow blow blow
80 1.50 375 525 7.25
Material Properties
Billet SCM440 (20°C71200C)
Upper & Bottom Die Rigid
Inter-Object
BiﬂgatjDie 07
Shear Friction Coeff. ’
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Fig. 4 Design parametes of piston forging

Table 3 Levels of design parametes and noise factors

arameters| Depth Depth
gallery pin-boss
Levels dy[om] dymm]
Design 1 0 16
parameters 2 7 20
3 14 24
Lo Factors Die filling [98%]
Noise 1 -05 %
factors 2 0%
3 05 %

Table 4 S/N ratios for ductile fracture vlaue

Die filling
No.| dg | dby ] 5 3 S/N
17171 05344 | 05424 { 05403 | ~-1.09417
21112 05007 | 04831 | 04744 -0.1978
311713 08135 | 05233 | 05210 | -2.50778
4121 0.3450 | 03786 | 0.3674 | 2317841
51212 0.5090 | 06362 | 0.5921 -1.75263
61213 04835 | 04940 | 0.5096 -0.3681
71311 0.5090 | 05088 | 05121 | -061256
8132 03207 | 03632 | 03628 | 2670131
9131]3 0.3404 | 0.3534 | 04837 | 1.545065
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